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Introduction

Vaccination is regarded as one of the greatest public health 
achievements of the 20th century and one of the most cost-
effective preventive services for children.1 Vaccination have 
substantially reduced the global burden of infectious diseases. 
The major contributor to this successful achievement is the 
Expanded Program of Immunization (EPI) of the World Health 
Organization (WHO) and Global Alliance Vaccine Initiative 
(GVAI),2 which was launched in 1974 as a worldwide alliance of 
collaborating nations and its goal was to expand immunization 
service and coverage.

The Chinese EPI was initiated since 1978, which has provided 
efforts to accommodate the needs of children at risk of vaccine-
preventable diseases. Since 2008, the Chinese EPI stipulates that 
children aged <7 y should be vaccinated with the following vac-
cines3: a birth dose of Bacillus Calmette–Guerin (BCG), 4 doses 
of polio vaccine (PV), 4 doses of diphtheria-tetanus-pertussis 

(DTP), 3 doses of hepatitis B vaccine (HepB), 2 dose of measles 
containing vaccine (MCV), 2 dose of Japanese Encephalitis vac-
cine (JEV), one dose of hepatitis A vaccine (HepA), 2 dose of 
meningococcal polysaccharide vaccine-type A (MPV-A), one 
dose of MPV-type A and C(MPV-AC), and one dose of diphthe-
ria-tetanus vaccine (DT). The target of immunization coverage 
rate is set at 90% for all the vaccines, which is required to reach 
herd immunity and interrupt community transmission for all 
vaccine preventable disease.4

The success of EPI dose not only depend on effective vacci-
nation series, but also high immunization coverage.5 Estimate 
of immunization coverage that based on vaccination status of 
children in specific age or with specific demographic character-
istic. For example, first dose of MCV(MCV

1
) is used to monitor 

progress toward the Millennium Development Goals and third 
dose of DPT coverage is used as an indicator of health system 
performance in other countries.6 Pinpointing the non-vaccina-
tion determinants is important for achieving the EPI target. The 
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Background: We studied completeness and timeliness of vaccination and determinants for low and delayed uptake 
in children born between 2008 and 2009 in Zhejiang province in eastern China.

Methods: We used data from a cross-sectional cluster survey conducted in 2011, which included 1146 children born 
from 1 Jan 2008 to 31 Dec 2009. Various vaccination history, social-demographic factors, attitude and satisfaction toward 
immunization from caregivers were collected by a standard questionnaire. We restricted to the third dose of HepB, PV, 
and DPT (HepB3, PV3, and DPT3) as outcome variables for completeness of vaccination and restricted to the first dose of 
HepB, PV, DPT, and MCV(HepB1, PV1, DPT1, and MCV1) as outcome variables for timeliness of vaccination. The χ2 test and 
logistic regression analysis were applied to identify the determinants of completeness and timeliness of vaccination. 
Survival analysis by the Kaplan–Meier method was performed to present the timeliness vaccination.

Results: Coverage for HepB1, HepB3, PV1, PV3, DPT1, DPT3, and MCV1 was 93.22%, 90.15%, 96.42%, 91.63%, 95.80%, 
90.16%, and 92.70%, respectively. Timely vaccination occurred in 501/1146(43.72%) children for HepB1, 520/1146(45.38%) 
for PV1, 511/1146(44.59%) for DPT1, and 679/1146(59.25%) for MCV1. Completeness of specific vaccines was associated 
with mother’ age, immigration status, birth place of child, maternal education level, maternal occupation status, socio-
economic development level of surveyed areas, satisfaction toward immunization service and distance of the house to 
immunization clinic. Timeliness of vaccination for specific vaccines was associated with mother’ age, maternal education 
level, immigration status, siblings, birth place, and distance of the house to immunization clinic.

Conclusion: Despite reasonably high vaccination coverage, we observed substantial vaccination delays. We found 
specific factors associated with low and/or delayed vaccine uptake. These findings can help to improve strategies such 
as Reaching Every District (RED), out-reach vaccination services and health education to reach children who remain inad-
equately protected.
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utilization of EPI service depends on numerous determinants 
such as provision of immunization service including accessibility 
of vaccination service, number of immunization staff, availability 
of vaccine and syringes, and cold chain.7,8 Once a child enters the 
vaccination system, various determinants are important for the 

initiation and completion such as caregivers’ education, experi-
ence with previous immunization service, adequate information 
on vaccination, immigration, socioeconomic status, and so on.9 
Failure to be vaccinated on time would also increase the suscep-
tible period of children, thus limiting the herd immunity. This 
problem was illustrated in a large measles epidemic in the USA 
during 1989–1991, where delayed vaccination of MCV was iden-
tified as one of the main cause.10 Clark11 analyzed coverage of 
vaccination in 45 low-income and middle-income countries(not 
including China), with a median of 60% for timely DPT

3
 and 

74% for timely vaccination of MCV
1
. More recently, Akmatov12 

analyzed timeliness of vaccination in 31 countries and showed 
substantial vaccination delays, with a median of 41% for timely 
DPT

3
 and 51% for timely vaccination of MCV

1
. However, 

previous studies have shown that vaccination coverage may be 
associated with factors mentioned above, but fewer studies have 
attempt to investigate determinants associated with timely vac-
cination and whether these are similar to those associated with 
coverage, especially on a sub-national level.

As a developed province in China, Zhejiang province is 
located in east China and has a total area of 104 141 Km2 with a 
population of 70 million residents. A review of surveillance data 
from the Zhejiang provincial Center for Disease Control and 
Prevention (CDC) found that the reported coverage of all vac-
cines was almost 99% every year since 2005.13 However, these 
figures did not always reflect the real situation and there were 
outbreaks of vaccine-preventable diseases such as measles in 
recent years.14 A study conducted by Zhejiang provincial CDC 
in Yiwu city in Zhejiang province showed that the estimate of 
timely vaccinated for MCV

1
 was only 47.5%, with one month 

after the recommended age.15 Obviously, there is still scope and 
the need to increase coverage and timeliness of vaccination.

The objective of this study was to estimate the immuniza-
tion coverage in children aged 2–3 y in Zhejiang province. We 
also aimed to assess the timeliness of vaccination and identify 
the determinants for not being vaccinated and determinants for 
being vaccinated late with respect to different geographic, demo-
graphic, and socioeconomic status.

Results

A total of 1146 children were surveyed, of whom 609 were 
born in 2008. The socio-demographic characteristics and care-
giver’s attitude and satisfaction toward immunization were 
shown in Table 1.

Vaccination coverage
Of the 1146 children, 56 did not have any written vaccina-

tion certificate and were classified as not being vaccinated. 
Vaccination coverage was for 93.22% for HepB

1
, 90.15% for 

HepB
3
, 96.42% for PV

1
, 91.63% for PV

3
, 95.80% for DPT1, 

90.16% for DPT
3
, and 92.70% for MCV

1
.

Determinants for completeness of vaccination
We found that child born in hospital was more likely to com-

plete the series of vaccines. This determinant was 1.70-times 
higher for PV

3
, 1.86-times higher for DPT

3
 and 2.18-times 

Table 1. Socio-demographic characteristics and caregiver’s attitude and 
satisfaction toward immunization of 1146 target children born between 
2008 and 2009 in Zhejiang province in eastern China

Variable No. %

Socio-demographic characteristics

Child’s gender

Female 560 48.87

Male 586 51.13

Mother’s age (y)

<30 834 72.77

≥30 312 27.23

Mother’s occupation

Housewife 861 75.13

Working 285 24.87

Mother’s education level

Under senior middle school 673 58.73

Senior middle school or above 473 41.27

Immigration status of child

Resident 710 61.95

Migrant 436 38.05

Siblings

1 819 71.46

≥2 327 28.54

Place of delivery

Home 35 3.05

Hospital 1111 96.95

Socio-economic developing level

Low 384 33.51

Middle 380 33.16

High 382 33.33

The caregiver’s attitude and satisfaction toward immunization

Caregivers’ awareness of importance of 
immunization

Yes 1137 99.21

No 9 0.78

Satisfaction with immunization service

Yes 941 82.11

No 205 17.89

Distance of the house to immunization clinics

<5 km 883 77.05

≥5 km 263 22.95
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Table 2. Univariable and multivariable analysis on determinants for completeness of vaccination for PV3, DPT3 and HepB3 among children born between 
2008 and 2009 in Zhejiang province in eastern China

Variable

Determinants for PV3 coverage Determinants for DPT3 coverage Determinants for HepB3 coverage

COR (95% CI) AOR (95% CI) COR (95% CI)
AOR (95% 

CI)
COR (95% CI) AOR (95% CI)

Mother’s age (y)

<30 1 1 1 1 1

≥30
0.62 

(0.47–0.87)*
0.73 

(0.52–1.21)
0.79 (0.52–1.46)

0.44 
(0.23–0.63)*

0.57 (0.22–0.82)#

Maternal education level

< senior middle school 1 1 1 1

≥ senior middle school 0.89 (0.66–1.14) 0.72 (0.51–0.93)*
0.53 

(0.29–0.75)#

0.73 
(0.37–2.24)

Immigration status of child

Resident 1 1 1 1 1 1

Migrant
0.21 

(0.13–0.76)*
0.33 

(0.20–0.68)# 0.49 (0.28–0.84)
0.66 

(0.41–1.92)
0.41 

(0.32–0.75)
0.52 (0.39–0.86)#

Mother’s occupation

Housewife 1 1 1 1 1

Working
0.45 

(0.29–0.86)*
0.62 

(0.37–0.91)# 0.66 (0.43–1.68)
0.58 

(0.33–0.89)*
0.68 (0.41–1.29)

Place of delivery

Home 1 1 1 1 1 1

Hospital
3.12 

(1.66–6.21)*
1.70 

(1.26–3.52)# 1.55 (0.82–3.36)
1.86 

(1.27–3.93)#

2.63 
(1.13–4.30)*

2.18 (1.72–3.55)#

Socio-economic developing level

Low 1 1 1 1 1 1

Middle 2.08 (0.53–7.97) 1.02 (0.61–2.15)
1.25 

(1.02–4.83)*
1.04 (0.77–2.03)

High
2.49 

(1.10–4.55)*
1.08 

(0.66–3.07)
1.93 (1.04–4.22)*

1.84 
(1.10–3.07)#

3.32 
(1.98–7.44)*

1.57 (1.14–2.52)

Satisfaction with immunization 
service

Yes 1 1 1 1 1

No 0.57 (0.43–1.73) 0.46 (0.22–0.94)* 0.64 
(0.49–0.94)#

0.42 
(0.26–0.87)* 0.59 (0.39–0.86)#

Distance of the house to 
immunization clinics

<5 km 1 1 1 1

≥5 km
0.79 

(0.42–2.77)*
1.02 (0.78–3.65)

0.68 
(0.35–0.72)*

0.73 (0.25–0.81)#

COR, crude OR; AOR, Adjusted OR. *P< 0.10, #P< 0.05.

higher for HepB
3
 (Table 2). Resident child was more likely to 

be vaccinated for PV
3
. Child whose mother had a higher educa-

tion level, child from a higher socio-economic developing area 
and child whose mother was satisfied with clinical immunization 
service would have a better coverage for DTP

3
. Child with an 

elder mother, migrant child, child living ≥5 km from the nearest 
immunization clinic as well as child whose mother was unsatis-
fied with clinical immunization service would be more likely to 
drop the HepB

3
.

Timeliness of vaccination
The timeliness of vaccination for 4 interested vaccines 

was shown in Figure 1. We plotted a dash line on each figure 
according to the age above which vaccination was considered as 
delayed. Timely HepB

1
 vaccination was found in 501 of 1146 

children (43.72%), with a median at vaccination of 1 d (95%CI: 
0.86–1.14). Timely PV

1
 vaccination was found in 520 of 1146 

children (45.38%), with a median at vaccination of 3.1 mo 
(95%CI: 2.99–3.20). Timely DPT1 vaccination was found in 
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511 of 1146 children (44.59%), with a median at vaccination of 
4 mo (95%CI: 3.95–4.05). Likewise, 679 children (59.25%) had 
timely MCV

1
 vaccination and the median at vaccination was 8.7 

mo (95%CI: 8.64–8.76).
Determinants for timeliness of vaccination
We found that child with an elder mother was more likely 

to be vaccinated later for HepB
1
. Migrant child or child living 

≥5 km from the nearest immunization clinic was more likely to 
be vaccinated later for PV

1
. Family having more than one child 

or child living ≥5 km from the nearest immunization clinic was 
associated with delayed vaccination for DPT1. Child with elder 
mother, migrant child or child living ≥5 km from the nearest 

immunization clinic was associated with delayed vaccination for 
MCV

1
 (Table 3).

Discussion

Vaccination coverage was reasonably high and achieved the 
EPI’ s coverage goal of 90% for each vaccine in our study, but we 
found that almost half of the children were not vaccinated timely. 
These results were similar with previous studies from both devel-
oped or developing countries11,12,16,17 where vaccination delays 
were found despite reasonable high immunization coverage, 

Figure 1. Timeliness of the first dose of HepB, the first dose of PV, the first dose of DPT, the first dose of MCV among children born between 2008 and 
2009 living in Zhejiang province in eastern China. The vertical lines correspond to the age after which children were assumed to have been vaccinated 
late (i.e., >1 d after birth for the first dose of HepB and >1 mo after the recommended age for other vaccines).
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calling for timeliness of vaccination to be considered as another 
indicator of the performance of EPI.14

In this study, we found migrant children were more likely not 
to be fully immunized and were more likely to have delayed vac-
cination, and it seemed that migrant children never replicated 
the patterns of utilization of immunization service among resi-
dents. The reasons need exploration in further research, but we 
attributed high missed vaccination rate and delayed vaccination 
to problems in vulnerability of migrants in the new sociocultural 
environment, demand for public health service, satisfaction, and 
the capacity of providing those services.

Our results showed that distance of the house to immunization 
clinic was associated with completeness of HepB and timeliness 
of all 3 vaccines except HepB

1
. Similar results had been found in 

reports from southeast Asia and Africa.18-20 Although most vac-
cines are provided free of charge, indirect costs related to travel 

may account for difference in vaccine uptake and timely vaccina-
tion between those living closer and further away from an immu-
nization clinic.21 Additionally, going to the immunization clinic 
inconveniently may inhabit the household make the journey to 
the immunization clinic repeatedly. Since the time to immuni-
zation clinic from house is related to not only the availability of 
transportation but also the distance, further study is still needed 
to investigate the association between vaccination status and other 
determinants including precise information on distance, time to 
the immunization clinic, and availability of transportation.

There were other determinants for completeness of vaccina-
tion. First, maternal education was associated with vaccination 
coverage of DPT

3
. The possible reason for this was that education 

level may influence mother’s awareness and capacity to seek and 
take advantage of public health service including vaccination. 
However, there were still controversies from previous reports, 

Table 3. Univariable and multivariable analysis on determinants for timely vaccination for HepB1, PV1, DPT1 and MCV1 among children born between 2008 
and 2009 in Zhejiang province in eastern China

Variable

Determinants for timely 
HepB1 coverage

Determinants for 
timely PV1 coverage

Determinants for 
timely DPT1 coverage

Determinants for 
timely MCV1 coverage

COR 
(95% CI)

AOR 95% CI)
COR 

(95% CI)
AOR 

(95% CI)
COR 

(95% CI)
AOR 

(95% CI)
COR 

(95% CI)
AOR 

(95% CI)

Mother’s age (y)

<30 1 1 1 1 1 1

≥30
0.47 

(0.26–0.92)*

0.55(0.28-
0.84)#

0.58 
(0.28–3.22)

0.54 
(0.34–2.22)

0.42 (0.28–
0.93)*

0.72 (0.60–
0.87)#

Mother’s education 
level

< senior middle 
school

1 1 1 1 1 1 1

≥ senior middle 
school

1.26 
(0.63–3.75)*

2.39 
(0.87–4.28)

1.52 
(0.59–4.49)

3.48 (2.25–
10.71)*

1.57 (1.33–
7.84)#

2.52 (1.34–
5.87)*

1.32 (1.06–
4.14)#

Immigration status 
of child

Resident 1 1 1 1 1 1 1

Migrant
0.61 

(0.42–0.86)*

0.83 
(0.67–2.62)

0.55 
(0.34–0.88)

0.74 (0.57–
0.92)#

0.68 
(0.38–1.33)

0.59 (0.27–
0.89)*

0.71 (0.44–
0.93)#

Siblings

1 1 1 1 1 1 1

≥2
0.84 

(0.59–3.72)
0.63 (0.39–

0.82)*

0.72 (0.52–
0.87)#

0.57 
(0.19–0.92)*

0.69 (0.32–
0.84)#

0.73 
(0.37–2.19)

Place of delivery

Home 1 1 1 1 1 1 1

Hospital
7.35 (2.06–

18.69)*

6.51 
(3.77–11.04)#

3.49 (1.96–
6.13)*

2.82 (1.39–
5.09)#

1.58 
(1.03–3.63)*

1.17 
(0.83–3.22)

1.84 
(0.84–4.57)

Distance of 
the house to 

immunization clinics

<5 km 1 1 1 1 1 1 1

≥5 km
0.92 

(0.46–2.07)
0.60 (0.45–

0.79)*

0.69 (0.51–
0.92)#

0.64 
(0.52–0.87)*

0.75 (0.52–
0.96)#

0.67 (0.56–
0.80)*

0.71 (0.58–
0.91)#

COR, crude OR; AOR, Adjusted OR. *P< 0.10, #P< 0.05.
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for example, Koumare22 reported no difference associated with 
maternal literacy and vaccination coverage. Further efforts are 
needed to identify whether mothers’ education level was asso-
ciated with children’s vaccination status and its impact factors. 
Second, birth delivery at hospital was associated with complete-
ness for all 3 vaccines. The explanation associated with those 
may be that, mothers who gave birth at hospital were closer to 
the health service23 and may have a better utilization of immu-
nization service and over 95% of the surveyed children were 
delivered at hospital in our study. Third, we found that child 
from a relative lower socio-economic development area tended 
to experience more drop out for DPT

3
. Given that our research 

was implemented in a developed area in east China, difference 
among lowest and highest socio-economic development was not 
significant than in studies where wealth was found to be a key 
determinant of vaccination status.24 Nevertheless, our research 
showed that even in a province that could be considered as uni-
formly developed, small difference in socio-economic develop-
ment were related to the completeness of immunization. Fourth, 
having a mother with a job was significant associated with cover-
age for PV

3
. We assumed that they had not enough time to spare 

for primary healthcare and were less aware of the information 
on vaccination. Third, we found that child whose mother was 
unsatisfied with clinical immunization service tended to experi-
ence more drop out for DPT

3
 and HepB

3
. We assumed that the 

unpleasant experiences for previous immunization service would 
discourage parents from receiving immunization service.

There were several determinants for timeliness of vaccination. 
First, mother’s age was associated with timeliness vaccination 
of HepB

3
 and MCV

1
 in our study. This was indicated by the 

previous studies and one study from Africa showed that there 
was a linear trend for full vaccination increases with maternal 
age.25 The younger mother would possibly have a better utiliza-
tion of medical care such as antenatal care and post-natal visits, 
which may lead to an increased coverage rate and the probability 
of timeliness of vaccination. Second, birth delivery at hospital 
was associated with timeliness for HepB

1
 in our study. Since the 

HepB
1
 is stipulated to be given within 24 h after birth in China, 

the timeliness for HepB
1
 could also be improved if the child was 

delivered in hospital. Third, having more than one child was a 
significant demographic factor for delayed DPT1 in our study. 
Several studies revealed that parental attention can be diverted 
by the presence of multiple children.26,27

We did not find any difference in completeness or timelines 
of vaccination by gender of the child and caregivers’ awareness of 
immunization. The gender ratio was 1.05:1 in our study, and the 
gender ratio of Zhejiang province was 1.04:1 in 2008 and 1.07:1 
in 2009.28,29 The result showed that there was no gender differ-
ence in vaccinations. It was worth to emphasize that positive atti-
tude of vaccination was not associated with vaccination coverage 
and timeliness of vaccination, as has been found in previous stud-
ies.30 This result may be attribute to the homogeneity of target 
population. In our research, there were over 99% of surveyed 
parents thought that vaccination was important.

There were several advantages in our study. First, our results 
were collected through a provincial wider investigation and 

multiple cluster sampling method was adopted. Geographically, 
this research covered a wide portion of Zhejiang province. 
Second, only written vaccination records were applied to avoid 
inaccuracies or recall bias. Immunization cards kept by caregiv-
ers or the local immunization clinics were the only resource of 
vaccination information in our research. Parent-linked or pro-
vider-validated immunization status measures was considered as 
the gold standard for measuring vaccination status in previous 
study.31 However, our study has several limitations. First, we did 
not analyze determinants associated with the providers, in par-
ticular determinants such as vaccines storage and delivery, as well 
as attitude of the immunization staff, all of which may affect 
vaccination coverage. Second, we did not collect the data on 
MCV vaccination records of target children during 2008–2009 
as MCV campaigns were performed in Zhejiang province in the 
same time and this may impact our estimates of coverage and 
timeliness of routine MCV vaccination. Third, this was a cross-
sectional research, hence, it was hard to generate cause-effect 
relationship of vaccination status and determinants due to the 
study’s design.

In conclusion, our research revealed that there were still a 
large proportion of children vaccinated later than the recom-
mended age, which would increase their risk of infection and 
cause a negatively influence on herd immunity. Our findings 
suggest that the timeliness of vaccination should be considered 
as another important indicator of EPI performance assessment. 
Despite the decentralization of Zhejiang provincial immuniza-
tion service system, both vaccine coverage and timeliness of vac-
cination could be improved further by strengthened Reaching 
Every District (RED) strategy32 targeted vaccination to children 
who remain hard to reach and out-reach vaccination services (like 
remind/recall services). Furthermore, health education needs to 
be emphasized to encourage the parents to participate in the 
immunization service for their children.

Materials and Methods

Target children
Target population in this study were the children born from 

1 Jan 2008 to 31 Dec 2009 and lived in the surveyed areas at the 
time of the investigation (from 10 to 20 November, 2011), all of 
whom were older than 12 mo. In our study, migrant was defined 
as the person who lived in a county other than their hometown 
(even if from the same province) but had no local registration of 
the current living place. Migrant children who were also included 
if they had lived in the surveyed areas continuously for 3 mo or 
more at the time they were interviewed.

Study area
The survey was performed in 18 counties (total of 90 counties 

in Zhejiang Province), and all 215 towns within the 18 counties 
served as clusters. These counties were divided into 3 socioeco-
nomic strata (high, middle, and low) by Gross Domestic Product 
(GDP) per capita level according to the data from Zhejiang 
Provincial Bureau of Statistics,33 with each stratum including 6 
counties. Jianggan, Xihu, Jiangbei, Yinzhou, Shaoxing, Jiaojiang 
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county were classified as high socioeconomic development 
areas for GDP per capita ≥12 000 USD; Longwan, Xiuzhou, 
Tongxiang, Deqing, Yuecheng, Yongkang county were classified 
as middle socioeconomic development areas for GDP per capita 
between 10 000 to 12 000 USD; Anji, Pujiang, Qujiang, Kaihua, 
Liandu, Qingtian county were classified as low socioeconomic 
development areas for GDP per capita 8000 to 10 000 USD.

Study design and sampling method
The sampling method was based on the WHO-advocated 

cluster sampling technique.34 The immunization coverage rate of 
target children was assumed to be 85% according to the pilot sur-
vey done before and the desired precision was 3%. We assumed 
a design effect of 2 and obtained required number of surveyed 
children per cluster for variable numbers of clusters through the 
table recommended by the WHO manual (Table S1). Twenty-
one children per cluster for 54 clusters were finally determined as 
our sample size, giving a total of 1134 target children (including 
both residents and migrant children). The main reason for the 
sample size per each cluster and the cluster number was due to 
all clusters could be divided equally into each counties and pos-
sible homogeneity of immunization coverage of children within 
a cluster but heterogeneity across different clusters, we selected as 
many as possible clusters as the representatives of all 215 towns.

We used a two-stage random sampling method. In the first 
stage, the list of 215 towns of 18 counties was obtained. Three 
towns per county were sampled with Probability Proportionate 
to Size (PPS) of target children. In the second stage, interview-
ers got the household list from the community authorities and 
randomly selected one household as the first family to be inter-
viewed and continued by choosing each subsequent household 
located to the right of the previous one until 21 eligible children 
had been interviewed. Only one child per household was selected 
to avoid clustering. When 2 or more eligible children were in the 
same household, the youngest child was selected.

Data collection
EPI staff of Zhejiang provincial CDC were selected and trained 

as interviewers. Local guides were selected from public health liai-
sons of surveyed villages. After written consent was obtained, a 
standard questionnaire to caregivers was conducted. Information 
was collected on household characteristics and the family mem-
bers (especially for children’s mothers), including vaccination 
status and determinants that may have been significantly associ-
ated with a missed or delayed vaccination. Vaccination status and 
age at vaccination were confirmed by checking the immuniza-
tion card kept by caregivers or the local immunization clinics. 
Since parental recall of their child’s immunization history was 
unreliable, only written vaccination history was accepted as the 
proof of immunization in our study. Children without any writ-
ten vaccination certificate were classified as not being vaccinated 
in our study.

Definition of outcome variables and explanatory variables
We defined vaccination coverage as the proportion of children 

who had received the vaccine of interest, regardless of the age at 

which the vaccine was given. We calculated the coverage of 7 vac-
cine doses including HepB

1
, PV

1
, DPT1, PV

3
, DPT

3
, HepB

3
, and 

MCV
1
, which are scheduled at birth, 2 mo, 3 mo, 4 mo, 5 mo, 6 

mo, and 8 mo of age, respectively in the Chinese EPI.
If a child’s records indicated receipt of the last dose of a vac-

cine that requires more than one dose to complete the series, it 
was assumed that earlier vaccinations in the sequence have been 
given. This assumption has been shown to be valid.35 Hence, we 
restricted our analysis of determinants for completeness of vac-
cination to PV

3
, DPT

3
, and HepB

3
 as outcome variables. We 

restricted our analysis of determinants for timeliness of vacci-
nation to HepB

1
, PV

1
, DPT1, and MCV

1
 as outcome variables. 

Timely vaccination was defined as vaccination occurring within 
one month of the recommended age for PV

1
, DPT1, MCV

1
, and 

within one day after birth for HepB
1
.

Explanatory variables included demographic characteristics 
of caregivers, the attitude and satisfaction with immunization, 
socioeconomic development level of surveyed areas, immigration 
status of children, etc.

Statistical methods
Our plan of analysis included 4 steps: (1) descriptive analy-

sis, (2) univariable analysis, (3) multivariable analysis, and (4) 
survival analysis to analyze vaccination timing. Steps (1) and (3) 
were performed twice for each dose of vaccine(first to analyze 
determinants for non-vaccination and then to analyze determi-
nants for late vaccination). In the univariable analysis we cross-
tabulated each explanatory variables with the outcome. χ2 test 
was used to obtain P values and Crude Odds Ratio (COR) 
with 95% Confidence Interval (CI) was calculated. In the mul-
tivariable analysis, all variables that were associated with the 
outcome at P < 0.10 were entered into the multivariate model. 
Logistic regression analysis was adopted to obtain Adjusted Odds 
Ratio (AOR) with 95% CI. In step (4), survival analysis by the 
KaplanMeier method was performed to present the timeliness 
vaccination for dose of vaccine of interest. The overall period of 
observation ranged from 0–20 mo of age for PV

1
, DPT1, and 

MCV
1
 and 0–14 d (2 wk) of age for HepB

1
. The children were 

classified as censored if they were not vaccinated by the time of 
the survey. All the analyses above applied Statistics Package for 
Socio Science (SPSS) software, version 13.0. Statistical signifi-
cance was defined by P < 0.05.
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